
 

DEPARTMENT OF GEOLOGY AND MINES 

     MINISTRY OF ECONOMIC AFFAIRS 

___________________________________________________________ 

Monitoring of Landslide at Arong, Moshi and 

Phongmey using GPS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Department of Geology and Mines 

 

Monitoring Period: August 2015 to May 2017 

 

______________________________________________________________________ 

 

 



DEPARTMENT OF GEOLOGY AND MINES 

     MINISTRY OF ECONOMIC AFFAIRS 

___________________________________________________________ 

Monitoring of Landslide at Arong, Moshi and 

Phongmey using GPS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Department of Geology and Mines 

 

Monitoring Period: August 2015 to May 2017 

 

______________________________________________________________________ 

 



ABOUT DEPARTMENT OF GEOLOGY & MINES (DGM) 

Established in 1981 as Division initially and upgraded later to department, Department 

of Geology and Mines under Ministry of Economic Affairs is the only geo-scientific 

institution in the Kingdom of Bhutan mandated to carry out and manage geo-scientific 

and mining activities. Currently, the mandates of the department are fulfilled through 

four divisions namely: (1) Geological Survey Division; (2) Earthquake and Geophysics 

Division; (3) Mineral Development Division; and (4) Mining Division.  

Contact Address:  Department of Geology and Mines 

   Ministry of Economic Affairs 

Royal Government of Bhutan 

Thimphu: BHUTAN 

P.O. Box: 173 

Telephone: +975-2-323096 

Web: www.moea.gov.bt 

ABOUT THIS REPORT 

This report is in accordance with the work plan of the Department of Geology and 

Mines, MoEA under the National Adaptation Programme of Action II (NAPA II) 

Project titled ‘Addressing the Risks of Climate-Induced Disasters through Enhanced 

National and Local Capacity for Effective Actions, funded by GEF-LDCF through 

UNDP and implemented by RGOB. 

Report prepared by: 

Yonten Phuntsho, Geologist 

Reviewed by: 

Ugyen Wangda, Chief Geologist 

Tashi Tenzin, Project Manager, NAPA II Project, DGM 



Suggested citation: Department of Geology and Mines (2018). Monitoring of 

Landslide at Arong, Moshi and Phongmey using GPS. Thimphu 

 

© Department of Geology and Mines, 2018 

Disclaimer 

This publication has been produced with the assistance of the GEF-LDCF. The contents 

of this publication are the sole responsibility of Department of Geology and Mines, 

Ministry of Economic Affairs, Royal Government of Bhutan, and can in no way be taken 

to reflect the views of the GEF-LDCF and UNDP. 

 

Comments and inquiries on this report can be emailed at: yphuntsho@moea.gov.bt or 

tashit@moea.gov.bt 

 

 

 

 

mailto:yphuntsho@moea.gov.bt
mailto:tashit@moea.gov.bt






Landslide Monitoring Report for Arong, Moshi and Phongmey                                                                        NAPA-II Project 

i | P a g e  

 

ABSTRACT 

Monitoring of landslide movement rate, particularly creep type of landslide, is important to 

understand the behaviour of the landslide and its threat to lives and properties. The information 

on landslide behaviours mainly displacement and rate of movement will help in timely decision 

making in dealing with the landslides to reduce risks. In this study, GPS monitoring of three critical 

landslides at Arong, Moshi and Phongmey in eastern Bhutan were carried out twice a year (pre-

monsoon and post-monsoon) between August 2015 to May 2017.  

The landslides at Arong and Moshi are located on one of the strategic national highways that 

connect Samdrujongkhar (a border town to India) to eastern districts like Pemagatshel, 

Trashigang, and Mongar. The landslide monitoring site at Phongmey is located about 30 km east 

of Trashigang town and poses threats to hundreds of lives and livelihoods of people under 

Phongmey Geog. Arong landslide falls within Diuri formation with rock mostly consisting of dark 

grey to green fine-grained phyllite and dark brown to black fine-grained slate. Moshi landslide 

falls within Shumar formation with rock mostly of light grey to light green to white fine-grained, 

medium to thick-bedded quartzite with thin to very thin grey black fine-grained phyllite 

interbeds. Phongmey landslide falls within Chekha formation comprising of schist with mica 

minerals like biotite and muscovite, quartz and garnet.  

GPS monitoring of 6 control points in and around Arong landslide, 7 control points in and around 

Moshi landslide, and 6 control points in and around Phongmey landslide between August 2015 

to May 2017 show all the monitoring control points in three landslides moved between each set 

of GPS observations with variable movements (displacement and rate). The total movement of 

control points is dominated by seasonal vertical movement compared to seasonal horizontal 

movement. The net average horizontal and vertical displacement for: (1) Arong is 0.25 m and 

1.51 m respectively; (2) Moshi is 0.38 m and 0.66 m respectively; and (3) Phongmey is 0.08 m and 

0.57 m respectively.   

The net average velocity (movement rate) of 0.296 mm per day at Arong landslide falls under 

very slow to slow category of movement rate. The net average velocity (movement rate) of 0.150 
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mm per day at Moshi landslide and Phongmey landslide fall under the extremely slow category 

of movement rate. The net average movement rates of the Moshi and Phongmey landslides can 

be classified as stable movement and therefore indicate a normal situation.  The net average 

movement rate of the Arong landslide can be classified as large seasonal fluctuations and 

therefore indicate an alert situation. However, since the GPS observations are made only on the 

surface or near-surface of the landslides with only few control points, therefore, monitoring using 

integrated monitoring systems approach (both contact and remote) that help determine more 

representative and accurate movement of these landslides is recommended. This will include but 

not limited to monitoring using instruments or techniques such as inclinometer, extensometer, 

piezometer, total stations, and satellite and terrestrial remote sensing.    

All the 11 tension cracks in the three landslides also showed movement. The change in the length 

of the tension crack ranges from no movement for tension crack located in Moshi to 45.10 m for 

tension crack located in Arong landslide. Similarly, the change in the width of the tension crack 

ranges from 0.1 m for tension crack in Phongmey, Moshi and Arong to 0.4 m for tension crack in 

Phongmey.  

 

Keywords: Landslide, Monitoring, Movement, GPS, Tension Cracks, Arong, Moshi, Phongmey. 
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1. INTRODUCTION  

Terzaghi (1950) defined landslide as a rapid displacement of a mass of rock, residual 

soil, or sediments adjoining a slope, in which the centre of gravity of the moving mass 

advances in a downward and outward direction and similarly the International 

Geotechnical Societies UNESCO working party on the World Landslide Inventory defined 

it as “The movement of a mass of rock, earth or debris down a slope” (Cruden, 1991 and 

Anon, 1997). Landslides are one of the major natural hazards, often causing property 

damage and other economic loss in terms of high reconstruction costs to the 

infrastructures such as highways, building etc. Landslides are triggered by different 

factors, both natural and anthropogenic (Althuwaynee and Pradhan, 2012).  

Bhutan being a mountainous country, most landslides are found on cut slopes and the 

embankment of roads and highways. Landslides in Bhutan are mostly rainfall triggered 

and caused by anthropogenic activities blocking the highways, thereby threatening the 

life and property. Monitoring of landslide movement rate, particularly creep type of 

landslide, is important to understand the behaviour of the landslide and its threat to 

lives and properties. The information on landslide behaviours mainly displacement and 

rate of movement will help in timely decision making in dealing with the landslides to 

reduce risks.  

Under the NAPA II project, six critical landslides were selected for monitoring. These 

landslides were selected based on the strategic location of the landslide and overall as a 

representative landslide to represent landslide in the country. This report is based on 

monitoring of three landslides at Arong, Moshi and Phongmey. Given the destructive 

nature of these landslides to property and economic loss, therefore monitoring of these 

landslides was undertaken. 
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1.1. AIM AND OBJECTIVES 

The study in the above-mentioned landslide areas were carried out to understand the 

behaviour of each landslide based on the displacement (horizontal, vertical rate of 

movement) with respect to geographical location. This information on landslide 

behaviours mainly displacement and rate of movement will help in timely decision 

making in dealing with these landslides to reduce risks.  

1.2. STUDY AREA 

The locations of the three selected monitoring sites are shown in Figure 1.  

Arong is located about 32 Km from Samdrupjongkhar- main shopping hub for the 

eastern region. The landslides fall right below the highway connecting Samdrupjongkhar 

to rest of the eastern region. This makes the road a lifeline for this region. The landslide 

is located at N 26.903° and E 91.505° with an elevation ranging from 1230 m to 1280 m. 

The landslide has the dimension of the length of 750 m and width of 350 m (Figure 2). 

The slide has undulating slope angles at a different location, but it has a general slope 

angle of 35° to 40° with the slide direction towards the North. The area usually has 

warm wet summer and cool dry winter. As per climate data of NCHM, the area received 

heaviest average monthly rainfall in June 2012 with 46.44 mm and similarly minimum 

monthly temperature was recorded in January 2005 with 6.7 °C and maximum monthly 

temperature of 27.76 °C in August 2007. 

Moshi is located about 5 km from Wamrong town towards Samdrupjongkhar district. 

Similar to the Arong landslide, this landslide falls on the Samdrupjongkhar to Trashigang 

National highway. Hence this road too has the same importance as Arong. The landslide 

is location coordinate of N 27.112° and E 91.544° with the elevation ranging from 1740 

to 1860 m. The area of the slide is about 700 m by 400 m (Figure 3). The general slope 

angle of the area ranges from 25° to 30° with slide direction towards north. The area 

usually has a wet summer season and dry winter season. As per climate data of NCHM, 

the area received the highest rainfall in the month of June 2012 with 46.44 mm. The 
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minimum monthly temperature was recorded in January 2005 with 6.7 °C and maximum 

temperature was recorded in August 2007 with 27.76 °C. 

Phongmey is located about 40km from Trashigang town and about 16km from Rangjung 

town. The landslide has the coordinate of N 27.371° and E 91.742° with elevation 

ranging from 1810 to 1860 m. The area of the slide is about 500m by 300m (Figure 4). 

The area usually has moderately wet summer season and dry cold winter season. As per 

climate data of NCHM, the area received the highest monthly rainfall in the month of 

August 2013 with 25.37 mm. Similarly, the minimum monthly temperature was 

recorded in January 2005 with 1.19 °C and maximum monthly temperature of 35.16 °C 

in August 2016.  

 

 
Figure 1. Location of the three selected landslide monitoring sites. 
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Figure 2. Arong landslide map showing prominent features and location of GPS 
observation points. 
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Figure 3. Moshi landslide map showing prominent feature along with the locations of 
GPS observation points 
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Figure 4. Landslide map of Phongmey with prominent features along with the  location 
of GPS points. 
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2. GEOLOGY SETTING 

2.1. GEOLOGICAL SETTING OF ARONG LANDSLIDE  

The area falls under the Diuri formation (Figure 5) with rock mostly consisting of dark 

grey to green fine-grained phyllite and dark brown to black fine-grained slate 

(McQuarrie et al., 2013; Long et al., 2011). The phyllite consists of minerals like chlorite 

and clayey materials. The rock generally dips 50° in the 45° NW directions. The grey and 

black slate have an irregular developed fracture and the rock is found to be dipping in 

the direction of slide, i.e. in the NW direction.  

2.2. GEOLOGICAL SETTING OF MOSHI LANDSLIDE 

The area falls under Shumar formation (Figure 5) with rock mostly of light grey to light 

green to white fine-grained, medium to thick-bedded quartzite with thin to very thin 

grey black fine-grained phyllite interbeds (McQuarrie et al., 2013; Long et al., 2011). The 

average thickness of the quartzite is about 100 m. But the individual band of quartzite 

ranges from 10 cm to 2 m (Figure 5). The orientation of the rock is 48° NW with the 

average dip amount of 40° which is similar to the slope direction of the slide. The 

quartzite in the landslide area has undergone brittle deformation with many irregular 

joints.  

2.3. GEOLOGICAL SETTING OF PHONGMEY LANDSLIDE 

The area falls under Chekha formation (Figure 5). The majority of the rock observed is 

schist with mica minerals like biotite and muscovite, quartz and garnet (McQuarrie et 

al., 2013; Long et al., 2011). Fine grain quartzite is found as interband between the 

schist. The intrusion of black and white granite into the schist is also observed. The 

granite is coarse-grained with black amphibolite minerals, plagioclase and quartz. The 

rock in the area has a general orientation of 20° dip amount with 47° NW directions.  
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Figure 5. Location of the landslide on the Geological map of Bhutan by Long et al., (2011) 
showing the geological setting of the landslide monitoring sites at Arong, Moshi and 

Phongmey. 
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3. METHODOLOGY 

The assessment of the three selected landslides behaviours were undertaken by means 

of monitoring scheme. The monitoring of the landslides was undertaken on the seasonal 

basis i.e. the field observation of the landslide was undertaken twice a year starting 

from August 2015 to May 2017 (Table 1). The first data observation was undertaken in 

August 2015 and 35 control points were installed around and on the landslides(Rawat et 

al., 2011). The control points were evenly distributed in stable areas around the 

periphery of the slide. The purpose of the control points is to monitor the seasonal 

movement of the slide using GPS(Coe & Lidke, 2003). At each control points, 2mm 

diameter rod with 1.5 feet was hammered into the ground for the GPS measurement 

(Figure 6B). The next observation was subsequently undertaken in May 2016 (7 

months), September 2016 (4 months) and May 2017 (7months). The observation of the 

station points is given in Table 1.         

         Table 1. Date of observation of GPS points 

Sl. No. Seasonal Type Date 

1 Post-monitoring 21/08/15- 03/09/15 

2 Pre-monitoring 28/05/16- 01/06/16 

3 Post-monitoring 13/10/16- 18/10/16 

4 Pre-monitoring 23-05-17 - 04/06/17 

 

The map of the landslide area and the horizontal movement between the previous 

monitoring points of the landslide area was prepared using ArcGIS version 10.4.1. The 

conversion of coordinates of the monitoring points from one coordinate to another was 

done using Lat-Long converter software. The digitization of features like road, landslide 

boundary and houses were done on georeferenced google earth image as a base map 

by ArcGIS version 10.4.1. The google earth image is geo-referenced using Elshayal 
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Smartgis. Along with the GPS observation of the crack found on the landslide areas, 

change in the dimension of the crack was measured using tapes and wire method (Table 

3). The post-processing of the observation data of the GPS was done with the help of 

Natural Resource Canada. The observation data in the RINEX format was sent to Natural 

Resource Canada through online on the processed data was received through the 

registered email.  

3.1. GPS METHOD 

The following GPS surveying is based on the seasonal movement of the Slumgullion 

landslide as determined from GPS observation, July 1998-July 1999(Coe & Lidke, 

2003)(Anon, 2000). The primary task of GPS surveying is to measure the distance 

between the satellite and the location of the earth (Figure 6A). Once the distance has 

been measured, coordinates of positions on the earth are calculated by triangulation. 

Distances are measured based on the amount of time required for an electromagnetic 

GPS signal to travel from the satellites to ground-based antennas and receivers. 

Antennas collect the satellite signal and convert the electromagnetic waves into electric 

currents that can be recorded by the receiver (Rawat et al., 2011).  

Satellites transmit precise time and location information in three binary codes, precise 

code, coarse and acquisition code and navigation code. The codes are transmitted on 

two carrier waves that are part of the L-band of the microwave electromagnetic 

spectrum. The two carrier waves have frequencies called L1 and L2.  

There are two main GPS surveying methods, kinematic and static surveying. In 

kinematic applications, receivers are in motion during the measurement period and 

real-time positioning solution is available based on the pseudo-range observables in 

static applications, receivers are stationary for long measurements periods (generally 

>30minutes) and both pseudo-range and carrier phase data are post-processed for 

precise positioning solutions. Rapid static applications are the same as static techniques 
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except that occupation times are short, generally from 5 to 20 minutes, and post-

processing relies on code and L1 and L2 carrier phase observations.  

The type and accuracy of positioning in kinematic and static surveying is dependent on 

the number of receivers available. There are two types of positioning, single points and 

relative. Single-points positioning is the determination of a ground position using one 

receiver and observables from one or more satellites. Single-points positioning relies on 

the pseudo-range observable. The accuracy of the single-points positioning increases 

with the number of satellites available. Relative positioning is the determination of a 

ground position using two or more receivers and two or more satellites. Relative 

positioning allows for the elimination of clock and atmospheric errors in the carrier-

phase signal by combining simultaneous observables (referred to as differencing in GPS 

terminology) from multiple receivers and satellites during post-processing. Relative 

positioning determines the precise vector (baseline) between receiver positions. When 

the coordinates of one of the receiver positions is known, that receiver is referred to as 

a base station, and the known coordinates and baseline can be used to determine the 

precise coordinates of the unknown points. 

 

 

Figure 6. A) GPS used for the observation of points at Arong. B) 60 cm rod used to mark 
the GPS station points with a geological hammer for scale. 

A B 
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In relative positioning, data is stored in the receivers and is post-processed using 

computer software to calculate baselines, determine unknown coordinate positions, 

and estimate horizontal and vertical errors for calculated positions. If baselines are 

calculated from two or more base stations, the baselines and coordinates of unknown 

points can be further refined through the use of a least-squares adjustment performed 

by holding the base station positions fixed while adjusting the baselines and coordinate 

positions of the unknown positions. 

A requirement of relative positioning is that the receivers are capable of recording at 

least one of the carrier phases. Although many types of receivers are available, dual-

frequency receivers are commonly used for relative positioning because they record all 

GPS codes, as well as the L1 and L2 carrier phases. In addition to recording all 

components of the GPS signal, dual frequency receivers generally have 12 channels, 

which allow them to simultaneously record the signals of up to 12 satellites. 
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4. FIELD OBSERVATIONS 

4.1. CONTROL POINTS 

Dates of observation, coordinates, height and positional errors for all 19 monitoring 

points are given in Table 2. Positional errors are given as standards errors and are 

always less than 2 cm for both horizontal and vertical points.  

4.2. MOVEMENTS AND VELOCITIES OF MONITORING POINTS 

The seasonal horizontal and vertical movement as compared with the previous points 

and seasonal velocity is given in Table 3 (Coe & Lidke 2003).   
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      Table 2. Positions of monitoring points for each GPS observation along with the standard error for easting, northing and elevation 

(Coe and Lidke, 2003; Anon 2000) 

Station 

Date of 

GPS 

observation 

Easting(m) 

Standard 

Error of 

Easting 

value 

Northing(m) 

Standard 

Error of 

Northing 

value(m) 

Elevation 

(m) 

Standard Error 

of Elevation 

value(m) 

Days since 

previous 

observation 

A1 21-08-2015 351463.001 ±0.011 2976370.089 ±0.005 1248.192 ±0.036 N.A 

A1 02-06-2016 351463.026 ±0.004 2976370.138 ±0.001 1247.873 ±0.006 286 

A1 13-10-2016 351463.003 0.008 2976370.083 0.035 1248.193 0.0032 133 

A1 05-06-2017 351463.112 ±0.013 2976370.208 ±0.005 1246.369 ±0.027 235 

  

  

  

  

  

  

  

  

  

M1 27-08-2015 355866.987 ±0.013 2999625.023 ±0.005 1855.132 ±0.032 N.A 

M1 28-05-2016 355866.982 ±0.006 299625.053 ±0.003 1854.743 ±0.015 275 

M1 27-05-2017 355867.035 ±0.012 2999625.118 ±0.004 1853.485 ±0.023 364 

                  

P1 01-09-2015 375562.141 ±0.013 3028047.459 ±0.007 1859.451 ±0.047   

P1 29-10-2016 375562.141 0.0117 3028047.458 0.006 1859.449 0.0165 424 

P1 23-05-2017 375563.106 ±0.014 3028047.763 ±0.004 1857.745 ±0.022 206 

  

  

  

  

  

  

  

  

  

A2 04-04-2016 351552.325 ±0.005 2976338.002 ±0.001 1244.81 ±0.008   

A2 05-05-2016 351552.319 ±0.003 2976338.006 ±0.001 1244.823 ±0.005 397 

A2 14-10-2016 351552.356 0.0091 2976337.883 0.006 1245.083 0.02 162 

A2 04-06-2017 351552.238 ±0.016 2976338.17 ±0.005 1243.167 ±0.022 233 

  

  

  

  

  

  

  

M2 28-08-2015 355665.268 ±0.016 2999663.299 ±0.009 1868.698 ±0.045   

  

  

  

  

  

  

P2 01-09-2015 375626.312 ±0.011 3028040.225 ±0.006 1863.86 ±0.045   

P2 29-10-2016 375626.313 

 
 

0.051 3028040.224 0.046 1863.86 0.03 424 
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P2 23-05-2017 375626.36 ±0.013 3028040.314 ±0.003 1862.186 ±0.035 206 

M3 28-08-2015 355758.93 ±0.011 2999656.373 ±0.006 1835.56 ±0.038   

M3 30-05-2017 355759.145 ±0.013 2999657.746 ±0.003 1832.77 ±0.034 641 

  

  

  

  

  

  

  

  

  

P3 02-09-2015 375526.529 ±0.012 3028136.532 ±0.007 1826.975 ±0.048   

P3 30-05-2016 375526.546 ±0.005 3028136.581 ±0.003 1826.596 ±0.011 271 

P3 30-10-2016 375526.528 0.0051 3028136.533 0.046 1826.973 0.0253 153 

P3 24-05-2017 375543.755 ±0.015 3028130.222 ±0.004 1826.159 ±0.029 206 

  

  

  

  

  

  

  

  

  

A4 23-08-2015 351676.561 ±0.011 2976468.971 ±0.006 1231.946 ±0.036   

A4 06-06-2017 351706.295 ±0.016 2976439.964 ±0.006 1239.909 ±0.032   

  

  

  

  

  

  

  

  

  

M4 29-08-2015 355806.356 ±0.013 2999588.256 ±0.007 1875.003 ±0.038   

M4 28-05-2016 355806.384 ±0.004 2999588.281 ±0.002 1874.351 ±0.008 273 

  

  

  

  

  

  

  

  

  

P4 24-05-2017 375584.008 ±0.013 3028133.351 ±0.005 1814.728 ±0.027   

P4 02-09-2015 375589.602 ±0.014 3028129.202 ±0.009 1815.368 ±0.056   

  

  

  

  

  

  

  

  

  

A5 24-08-2015 351663.652 ±0.013 2976408.779 ±0.006 1257.556 ±0.034   

A5 05-05-2016 351663.574 ±0.004 2976408.937 ±0.001 1257.164 ±0.006 255 

A5 17-10-2016 351663.653 0.0051 2976408.777 0.051 1257.555 0.0253 165 

A5 04-06-2017 351663.433 ±0.012 2976409.173 ±0.006 1255.463 ±0.027 230 

M5 29-08-2015 355875.986 ±0.082 2999738.679 ±0.021 1799.715 ±0.163   

M5 01-06-2017 355876.085 ±0.063 2999738.669 ±0.022 1798.121 ±0.155 642 

  

  

  

  

  

  

  

P5 03-09-2015 375701.015 ±0.011 3028152.688 ±0.006 1841.528 ±0.045   

P5 30-05-2016 375701.032 ±0.004 3028152.716 ±0.001 1741.299 ±0.007 270 

P5 25-05-2017 375701.063 ±0.015 3028152.753 ±0.004 1839.773 ±0.022 360 
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A6 24-08-2015 351628.454 ±0.012 2976304.505 ±0.005 1282.565 ±0.034   

A6 04-04-2016 351628.408 ±0.004 2976304.614 ±0.001 1282.083 ±0.007 224 

A6 18-10-2016 351628.453 0.0051 2976304.507 0.046 1282.564 0.003 197 

A6 06-06-2017 351628.349 ±0.013 2976304.759 ±0.004 1280.449 ±0.02 231 

  

  

  

  

  

  

  

  

  

M6 29-08-2015 355791.257 ±0.022 29999615.11 ±0.006 1855.461 ±0.044   

M6 28-05-2016 355791.255 ±0.011 2999615.395 ±0.004 1854.675 ±0.012 273 

  

  

  

  

  

  

  

  

P6 30-05-2016 375561.783 ±0.006 3028215.716 ±0.002 1783.995 ±0.008   

P6 25-05-2017 375560.825 ±0.015 3028216.433 ±0.004 1782.249 ±0.026 360 

                  

M7 27-08-2015 355740.151 ±0.014 2999611.314 ±0.006 1862.355 ±0.035   

M7 28-05-2017 355740.269 ±0.011 2999611.956 ±0.004 1859.85 ±0.022 640 
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Table 3. Summary of movements, the direction of movements, and velocities of monitoring points (Coe & Lidke, 2003; Anon 2000). 
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A1 21.8.15 351463.001 2976370.089 1248.192               N.A 

A1 2.4.16 351463.026 2976370.138 1247.873 0.0550 0.0001923

077 

NE   0.319 0.001115

385 

  286 

A1 13.10.16 351463.003 2976370.083 1248.193 0.0596 0.0004481

203 

SE   -0.320 0.002406

015 

  133 

A1 5.6.17 351463.112 2976370.208 1246.369 0.1658 0.0007055

319 

NE 0.16

3 

1.824 0.007761

702 

1.823 235 

  

  

  

  

  

  

  

  

  

  

M1 27.8.15 355866.987 2999625.023 1855.132               N.A 

M1 28.5.16 355866.982 2999625.053 1854.743 0.0300 0.0001090

909 

NW   0.389 0.001414

545 

  275 

M1 27.5.17 355867.035 2999625.118 1853.485 0.0840 0.0002307

692 

NE 0.10

76 

1.258 0.003456

044 

1.647 364 

  

  

  

  

  

  

  

  

P1 1.9.15 375562.141 3028047.459 1859.451               N.A 

P1 29.10.16 375562.141 3028047.458 1859.449 0.001 0.0000023

58 

NS   0.002 4.71698E

-06 

  424 

P1 23.5.17 375563.106 3028047.763 1858.745 1.0118 0.0049116

505 

NE 1.01

18 

0.706 0.003427

184 

0.706 206 

A2 22/8/201

5 

351552.325 2976338.002 1244.810               N.A 

A2 5.4.16 351552.319 2976338.006 1244.823 0.0072 0.0000181

360 

NW   -0.013 3.27456E

-05 

  397 

A2 14.10.16 351552.356 2976337.883 1245.083 0.1284 0.0007925

926 

SE   -0.26 0.001604

938 

  162 

A2 4.6.17 351552.238 2976338.170 1243.167 0.1830 0.0007854

077 

NW 0.18

92 

1.656 0.007107

296 

1.643 233 
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P2 1.9.15 375626.312 3028040.225 1863.86               N.A 

P2 29.10.16 375626.313 3028040.224 1863.86 0.0014 0.0000033

019 

SE   0 0   424 

P2 23.5.17 375626.360 3028040.314 1863.186 0.1011 0.0004907

767 

NE 0.10

11 

0.674 0.003271

845 

0.674 206 

  

  

  

  

  

  

  

  

  

  

  

  

  

A3 23.8.15 351389.317 2976403.565 1263.087               N.A 

A3 2.4.16 351389.369 2976403.586 1262.722 0.0561 0.0002217

391 

NE   0.365 0.001442

688 

  253 

A3 15.10.16 351389.316 2976403.565 1263.085 0.0561 0.0003379

518 

SW   -0.363 0.002186

747 

  166 

A3 5.6.17 351389.461 2976403.631 1261.235 0.1020 0.0004377

682 

NE 0.15

84 

1.487 0.006381

974 

  233 

  

  

  

  

  

  

  

  

  

  

  

  

  

M3 28.8.15 355758.93 2999656.373 1835.56                 

M3 30.5.17 355759.145 2999657.746 1834.77 1.3890   NE 1.38

9 

0.79 0.001232

449 

  641 

  

  

  

  

  

  

  

  

  

  

  

  

P3 2.9.15 375526.529 3028136.532 1826.975               N.A 

P3 30.5.16 375526.546 3028136.581 1826.596 0.0519 0.0001915

129 

NE 0.05

19 

0.379 0.001398

524 

  271 

P3 30.10.16 375526.528 3028136.533 1826.973 0.0512

6 

0.0003350

327 

SW   -0.377 -

0.002464

052 

0.379 153 

A4 23.8.15 351676.561 2976468.971 1231.946                 

A4 6.6.17 351706.295 2976439.964 1239.909                 

  

  

  

  

  

  

  

  

M4 29.8.15 355806.356 2999588.256 1875.003               N.A 

M4 28.5.16 355806.384 2999588.281 1874.351 0.0375 0.0001373

626 

NE 0.03

75 

0.652 0.002388

278 

0.652 273 

  

  

  

  

  

  

  

P4 2.9.15 375589.602 3028129.202 1815.368                 

P4 24.5.17 375584.008 3028133.351 1814.728 6.9650               

  

  

  

  

  

A5 24.8.15 351663.652 2976408.779 1257.556               N.A 

A5 5.4.16 351663.574 2976408.937 1257.164 0.1760 0.0006901

961 

NW   0.392 0.001537

255 

  255 
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A5 17.10.16 351663.653 2976408.777 1257.555 0.1760 0.0010666

667 

SE   -0.391 0.002369

697 

  165 

A5 4.6.17 351663.433 2976409.173 1255.463 0.4530 0.0019695

652 

NW 0.45

3 

1.701 0.007395

652 

2.093 230 

                          

M5 29.8.15 355875.986 2999738.679 1799.715               N.A 

M5 1.6.17 355876.085 2999738.669 1799.121 0.0995 0.0001549

844 

EW   0.594 0.000925

234 

0.594 642 

                          

P5 3.9.15 375701.015 3028152.688 1841.528               N.A 

P5 30.5.16 375701.032 3028152.716 1841.299 0.0328 0.0001214

815 

NE   0.229 0.000848

148 

  270 

P5 25.5.17 375701.063 3028152.753 1840.773 0.0483 0.0001341

667 

NE 0.08

1 

0.526 0.001461

111 

0.755 360 

A6 24.8.15 351628.454 2976304.505 1282.565               N.A 

A6 4.4.16 351628.408 2976304.614 1282.083 0.1180 0.0005267

857 

NW   0.482 0.002151

786 

  224 

A6 18.10.16 351628.453 2976304.507 1282.564 0.1161 0.0005893

401 

SE   -0.481 -

0.002441

624 

  197 

A6 6.6.17 351628.349 2976304.759 1281.449 0.2725 0.0011796

537 

NW 0.27

5 

0.634 0.002744

589 

1.116 231 

                          

M6 29.8.15 355791.257 2999615.112 1855.461               N.A 

M6 28.5.16 355791.255 2999615.395 1854.675 0.2830 0.0010366

300 

SN 0.28

3 

0.786 0.002879

121 

0.786 273 

                          

P6 30.5.16 375561.783 3028215.716 1783.995               N.A 

P6 25.5.17 375560.825 3028216.433 1783.249 1.1970 0.0033250

000 

NW 1.19

7 

0.746 0.002072

222 

0.746 360 

                          

M7 27.8.15 355740.151 2999611.314 1862.355               N.A 

M7 28.5.17 355740.269 2999611.956 1861.85 0.6530 0.0010203

125 

NE 0.65

3 

0.505 0.000789

063 

0.505 640 
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Table 4. Summary of movements of tension cracks in the three monitoring sites. 

Tension Cracks in Arong. 
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1 351546 2976323 1299 

L=13.30 
Whole 

tension 

crack wash 

away (date 

unknown) 

  L=5   

below the road 

W=1   W=0.4   

2 351667 2976409 1293 
L=32.40 

blacktop  
  

122.5 45.1 
the tension 

crack has 

merged on the 

fencing and 

road 

W=0.305   

3 351609 2976394 1283 
L=45 

blacktop  
  W= 

0.45 
0.15 

W=0.08   

4 351526 2976279 1295 

L=30 

The crack 

cannot be 

determined 

due to 

blacktopping 

in the 

tension 

cracks. 

  L=43 13 

road 

W=0.40   D=0.50 0.1 

5 351523 2976280 1280 
L=10.6 L=13m 2.4 L=15 2 

in the farm 

W=1.0 W=1.5 0.5 W=2.3 0.8          
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Tension Cracks in Moshi 

 
Tension cracks in Phongmey. 
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covered 
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  On the road 
W=0.05 
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L=45 the 

tension 
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has 
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soil 
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covered 
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on the road 
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above the road 
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1 375621 3028039 1901 
L=15 L=18 3 41 23 crack near 

the house 
W=0.30 w=0.37 0.07 0.42 0.7

9 

2 375566 3028057 1894 
L=3 L=5 2 12.5 7.5 crack near 

the chili 
garden W=0.4 w=0.5 0.1 0.9 0.4 

3 375587 3028065 1293 
L=32.40 

covered 
  

covered 
  

crack on 
the road W=0.31     
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5. RESULTS AND DISCUSSIONS 

The results for the observations of the data of the landslides are divided into two 

sections: (1) Movement of GPS points, and (2) Tension cracks.  

5.1. MOVEMENT OF GPS POINTS 

5.1.1. Arong Landslide  

Graph showing the rate of movement of control points at Arong landslide is shown in 

Figure 7. In Arong landslide all the observation points have moved the maximum 

(compared with the previous observation) from 13/10/16 to 6/6/17 i.e. during the 

fourth observation. The maximum movement is observed in points A5 with the 

horizontal movement of 0.4530 m during 17/10/15 to 4/6/17 and minimum horizontal 

movement of 0.0072 observed in points A2 during 22/8/15 to 5/4/16. In terms of 

velocity per day, the points A5 has the maximum horizontal velocity of 0.001969 m/d 

and A2 has the minimum velocity of 0.00001813 m/d (Table 3). 

Table 5. Description of the rate of movement of the landslide. 

Rate description Varnes (1978) rate/period WP/WLI (1995) millimetre/second 

extremely rapid >3metres/second > 5 by 103 

very rapid >0.3 metres/minute > 50 

rapid >62.5 millimetres/hour > 0.5 

moderate >50 millimetres/day > 5 by 10-3 

slow >4.1 millimetres/day > 0 by 10-3 

very slow >0.164 millimetres/day > 50 by 10-3 

extremely slow <0.164 millimetres/day < 0.5 by 10-3 

 

Similarly, the maximum vertical movement is observed in points A5 with the vertical 

movement of 1.7m between 17/10/16 and 4/6/17 and minimum of 0.013 m observed in 

points A2 from 22/8/15 to 14/10/16. In terms of velocity per day, the points A5 has the 
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maximum vertical velocity of 0.00739m/d from 17/10/16 to 4/6/17 and points A2 from 

5/4/16 to 14/10/16 has the minimum of all the points in Arong with 0.00003275m/d 

(Table 3). 

In term of annual horizontal movement from 21/8/15 to 6/6/17 points, A5 has the 

maximum value of 0.453 m and points A3 has the minimum value of 0.1584m (Table 3). 

Similarly, in term of annual vertical movement from 21/8/15 to 6/6/17points A5 has the 

maximum value with 2.093m and points A1 has the minimum value of 0.823m (Table 3). 

 

 

Figure 7. Graph showing the rate of movement of control points at Arong landslide 

 

After comparing all the GPS points in Arong landslide from Table 3, in term of annual 

horizontal movement, it is observed that the eastern part of the landslide (A5, A6) 

shows greater movement as compared to central (A2) and western part of the landslide. 

The western part shows the minimum movement (A1, A3). Similarly, in terms of annual 

vertical movement the result is random as all the region of the landslide show similar 

vertical movement, hence the maximum and minimum movement in term vertical 

cannot be determined. The velocity of the control points in the mm/day (Figure 7) is 

correlated with the description of the movement of the landslide (Table 5). The 
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horizontal velocity of all the points is <0.376 mm per day and therefore fall under very 

slow to slow category of movement rate as per classification of Varnes (1978).  

5.1.2. Moshi Landslide 

Graph showing the rate of movement of control points at Moshi landslide is shown in 

Figure 8. At Moshi landslide, 7 observation points have been used for observation of 

horizontal and vertical movement. The maximum horizontal movement of 1.389 m is 

observed in points M3 between 28/8/15 to 30/5/17 and minimum horizontal movement 

of 0.03 m is observed in points M1 between 27/8/15 to 28/5/16. In term of velocity in 

the horizontal movement of the points, M3 has the maximum horizontal velocity with 

0.00217m/d and points M1 has the minimum velocity with 0.0001091m/d  (Table 3). 

Similarly, the maximum vertical movement is observed in points M1 with the vertical 

movement of 1.258m between 28/5/16 to 27/5/17 and a minimum of 0.389 m also 

observed in points M1 from 27/8/15 to 28/5/16. In terms of velocity the points M1 has 

the maximum vertical velocity of 0.0034m/d from 28/5/16 to 28/5/17 and points M7 

from 27/8/15 to 28/5/17 has the minimum vertical movement of all the points in Moshi 

with 0.000789m/d (Table 3). 

In term of annual horizontal movement from 21/8/15 to 6/6/17 point, M3 has the 

maximum value of 1.389m and points M4 has the minimum value with 0.0375m (Table 

3). Similarly in term of annual vertical movement from 21/8/15 to 6/6/17points M1 has 

the maximum value with 1.647m and points M7 has the minimum value of 0.505m 

(Table 3). 

After comparing all the GPS points in Moshi landslide from Table 3, in term of annual 

horizontal movement, it is observed that the central part of the landslide (M3, M7) 

shows greater movement as compared to eastern (M1) part of the landslide. The 

movement of western could not be compared due to the huge deviation of the data. 

Similarly, in terms of annual vertical movement, the result is random as all the region of 
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the landslide show similar vertical movement, hence the maximum and minimum 

movement in term vertical cannot be determined.  

The velocity of the control points in the mm/day (Figure 8) is correlated with the 

description of the movement of the landslide (Table 5). The horizontal velocity of all the 

points is <0.288 mm per day and therefore fall under very slow to slow category as per 

classification of Varnes (1978).  

 

Figure 8. Graph showing the rate of movement of control points at Moshi landslide. 

 

5.1.3. Phongmey Landslide 

Graph showing the rate of movement of control points at Phongmey landslide is shown 

in Figure 9. At Phongmey landslide out of 6 observation points, only 5 observations have 

been used for observation of horizontal and vertical movement due to inconsistent data 

for points P4. The maximum horizontal movement of 1.197 m is observed in points P6 

between 30/5/16 to 25/5/17 and minimum horizontal movement of 0.0001 m is 

observed in points P1 between 1/9/15 to 29/10/16. In term of velocity in the horizontal 

movement of the points, P1 has the maximum horizontal velocity with 0.00491m/d and 

points P1 has the minimum velocity with 0.000002358m/d (Table 3). 
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Similarly, the maximum vertical movement is observed in points P6 with the vertical 

movement of 0.746m between 30/5/16 to 25/5/17 and a minimum of 0m observed in 

points P2 from 1/9/15 to 29/9/16. In terms of velocity per day the points P1 has the 

maximum vertical velocity of 0.0034m/d from 29/10/16 to 23/5/17 and points P2 during 

1/9/15 to 29/10/16 has the minimum of all the points in Phongmey with 0m/d (Table 3). 

In term of annual horizontal movement from 21/8/15 to 6/6/17 points, P6 has the 

maximum value of 1.197m and points P3 has the minimum value of 0.0519m (Table 3). 

Similarly, in term of annual vertical movement from 21/8/15 to 6/6/17 P5 has the 

maximum vertical movement with 0.755m and points P3 has the minimum vertical 

movement with 0.379 (Table 3). 

 

 

Figure 9. Graph showing the rate of movement of control points at the Phongmey 
landslide. 

 

After comparing all the GPS points in Phongmey landslide from Table 3, in term of 

annual horizontal movement, it is observed that the western part of the landslide (P6, 

P1) shows greater movement as compared to western (P5) part of the landslide. 

Similarly, in terms of annual vertical movement, the result is random as all the region of 
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the landslide shows a similar amount of vertical movement, hence the maximum and 

minimum movement in term vertical cannot be determined.  

The velocity of the control points in the mm/day (Figure 9) is correlated with the 

description of the movement of the landslide (Table 5). The horizontal velocity of all the 

points is < 0.193 mm per day and therefore fall under extremely slow to slow category 

as per classification of Varnes (1978).  

.  

Figure 10. Depression/subsidence of land at Phongmey. The sinking of land has increased 
the height of the fencing. The book shows the height of fencing in the past. 

5.2. TENSION CRACKS 

While monitoring the landslide about 11 major tension cracks has been monitored using 

the measuring tape. The data of the tension crack and the GPS survey of the control 

points were collected during the same duration. The observation of measurement of the 

tension cracks has been given in Table 4.  
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5.2.1. Arong Landslide 

During the first observation at Arong on August 2015, a tension crack with coordinate E 

91.5051 and N 26.90078 and dimension 13.30m length and 1m width was observed and 

measured. However, during the second observation in May 2016, the same tension 

crack has been washed away (Figure 11). Similarly, the tension crack observed on the 

road with coordinate N 26.9015° and E 91.50633° during the first observation has been 

blacktop during the second observation. Therefore, the tension crack could not be 

measured (Figure 12).  

The tension crack on the road has propagated during the observation on May 2017. 

During the site visit, it was found that the two-tension crack measured on the road 

during the first field visit has merged and has become one. The combined dimension 

was observed as 122.5m length by 0.45m width. The deviation of 45.1m in length and 

0.145m in width was noted (Table 4). 

The tension crack in the farm with coordinate N 26.90039 and E 91.50491 has the 

deviation of 2.4 m in length and 0.5m in width during May 2016 and 2m in length and 

0.8m in width in May 2017 (Table 4). 

 

 
Figure 11. A) Showing the image of tension crack at Arong in August 2015. B) The same 

site showing the washed away tension crack in May 2016. 

B A 
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Figure 12. A) The sight of the road at Arong with a clear crack on August 2015. B) The 
same sight of the road after blacktopping on May 2017. 

 

5.2.2. Moshi Landslide 

At Moshi, three tension cracks have been observed and measured during the landslide 

monitoring. Of the three tension cracks two are located on the road with coordinate N 

27.111668°, E 91.5453° and N 27.9031°, E 91.51103° respectively. The dimensions of the 

crack are 15m by 0.05m and 45m by 0.2m (Table 4).  

 

Figure 13. A) The sight of the road at Moshi with a red line showing the crack on August 
2015. B) The same sight of the road after filling up with rock and soil on May 2017 

without clear sight of tension crack. 

A B 



Landslide Monitoring Report for Arong, Moshi and Phongmey                                                                             NAPA-II 
Project 

Page | 30 
 

But however, during the next observation, the tension cracks have been covered by the 

road maintenance agency BRO (Figure 13 A and B). The tension crack with coordinate N 

27.11159° and E 91.54421° has the deviation of 0m length and 0.1m width in May 2016 

and 2m length and 0.1m width in May 2017 (Table 4). 

5.2.3. Phongmey Landslide 

At Phongmey, three tension cracks have been observed and measured during the 

landslide monitoring. Of the three tension cracks one is located on the road with 

coordinate N 27.3702°, E 91.7419°. The dimension of the crack was noted as 32.40m by 

0.31m. However, during the next observation like the above two landslides, the tension 

cracks have been covered with soil hence making the measurement impossible.  

The tension crack with coordinate N 27.3699° and E 91.7423° located below a house has 

the deviation of 3m and 0.07m in May 2016 and 23m and 0.79m in May 2017 (Table 4). 

The increased in the height of the fencing below the house shows the evidence of 

subsidence/movement (Figure 10). 
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6. CONCLUSIONS 

6.1. MOVEMENT OF GPS POINTS 

(1) All monitoring points moved between each set of GPS observations (refer Table 3 

for movement data and Appendix 9 for figures showing the movement of each 

point). 

(2) Total movement of control points is dominated by seasonal vertical movement 

compared to seasonal horizontal movement (as can be observed from Table 3)(Anon 

2000). 

(3) At 10 monitoring points, maximum velocities occurred between April 2016 and 

October 2016. Minimum velocities at all points occurred between August 2015 and 

April 2016 (Table 3).  

(4) The summary of horizontal and vertical movement (displacement) and movement 

rate (velocity) is shown in Table 6. 

(5) The net average velocity (movement rate) of 0.296 mm per day at Arong landslide 

falls under very slow to slow category of movement rate as per classification of 

Varnes (1978). 

(6) The net average velocity (movement rate) of 0.150 mm per day at Moshi landslide 

and Phongmey landslide fall under the extremely slow category of movement rate 

as per classification of Varnes (1978). 

(7) The net average movement rates of the Moshi and Phongmey landslides can be 

classified as a stable movement (Figure 14) and therefore indicate a normal 

situation.  

(8) The net average movement rate of the Arong landslide can be classified as large 

seasonal fluctuations (Figure 14) and therefore indicate an alert situation.  

(9) However, since the GPS observations are made only on the surface or near-surface 

of the landslides with only few control points, therefore, monitoring using 

integrated monitoring systems approach (both contact and remote) that help 
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determine more representative and accurate movement of these landslides is 

recommended. This will include but not limited to monitoring using instruments or 

techniques such as inclinometer, extensometer, piezometer, total stations, and 

satellite and terrestrial remote sensing.    

 

Table 6. Summary of net horizontal and vertical movement (displacement) and 
movement rate (velocity) 

Description Arong Moshi Phongmey 

Net average 

horizontal movement 

0.25 m 0.38 m 0.08 m 

Net average vertical 

movement 

1.51 m 0.66 m 0.57 m 

Net average velocity 

(movement rate) 

0.296mm/day 0.15mm/day 0.15mm/day 

 

 

The relationship between the movement rate of landslide and situational or hazard level 

is shown in Figure 14.  
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Figure 14. The relationship between landslide movement rate and situational or hazard 
levels. 

6.2. TENSION CRACKS 

Similar to monitoring points for GPS, all the 11 tension cracks showed movement (refer 

Table 4 for movement data). The change in the length of the tension crack ranges from 

0 m for tension crack located in Moshi to 45.1 m for tension crack located in Arong 

landslide. Similarly, the change in the width of the tension crack ranges from 0.1 m for 

tension crack in Phongmey, Moshi and Arong to 0.4 m for tension crack in Phongmey 

(Table 4). 
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